Twenty-three xylanolytic bacteria were isolated from soils, sediments and buffalo faeces collected in Thailand. They were divided into 10 groups based on the phenotypic and chemotaxonomic characteristics including 16S rRNA gene sequence analyses. Eleven isolates were Gram-positive, facultatively anaerobic, spore-forming, rod-shaped bacteria. They contained meso-diaminopimelic in cell wall peptidoglycan. Two isolates (Group IA) were identified as Bacillus subtilis, 4 isolates (Group IB) were B. licheniformis, 2 isolates (Group IC) were B. niabensis, one (Group ID) was B. nealsonii, and 2 isolates (Group IE) were B. cereus. Seven isolates were Gram-positive, non-spore-forming, rod-shaped bacteria and were identified as Isoptericola variabilis (2 isolates in Group II), as Jonesia denitrificans (2 isolates in Group III), as Microbacterium natoriense (2 isolates in Group IV), and one isolate as Nocardioides simplex (Group V). Five isolates were Gram-negative; facultatively anaerobic, non-spore-forming, rod-shaped bacteria and each of them were identified respectively as Acinetobacter junii (Group VI), Aeromonas enteropelogenes (Group VII), Pseudomonas stutzeri (Group VIII), Stenotrophomonas maltophilia (Group IX) and Zobellella denitrificans (Group X). The isolates produced xylanase activity ranged from 1.03 to 17.65±0.25 unit/ml.
opaque and creamy or white after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 5-9 and at 25-50°C but no growth at 10 and 60°C. Their differential and variable characteristics were shown in Table 2 . On the basis of 16S rRNA gene sequence, isolates K3-6 (926 nt) and SRC2-3 (963 nt) were closely related to B. subtilis subsp. subtilis KCTC 3135 T ( Figure 1 ) with 100% sequence similarity. Therefore, they were identified as B. subtilis subsp. subtilis (Nakamura et al., 1999) . Group IB contained 4 isolates, PJ1-2, SK1-3, P2-2 and TH2-2. Colonies were 3-12 mm in diameter, irregular or round, lobate or entire, wrinkled, raise, opaque and creamy or yellow after 2 days of incubation at 37ºC on C medium. All isolates grew in 3-5% NaCl, at pH 5-9 and at 25-45°C but no growth at 10 and 60°C. Their differential and variable characteristics were shown in Table 2 . On the basis of 16S rRNA gene sequence, the isolates TH2-2 (1,488 nt), P2-2 (971 nt), SK1-3 (927 nt) and PJ1-2 (947 nt) were closely related to B. licheniformis KCTC 1918 T (Figure 1 ) with 99.7, 99.2, 99.1 and 99.6% sequence similarity, respectively. Therefore, they were identified as B. licheniformis (Daffonchio et al., 1998; Palmisano et al., 2001) . Group IC contained 2 isolates, K1-6B and K1-6A. Colonies were 3-5 mm in diameter, irregular, curled, concentric, flat, opaque and creamy or white after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 7-9 and at 25-50°C, but did not grow at pH 5-6, at 10-15, 55 and 60°C. Their differential and variable characteristics were shown in Table 2 . On the basis of 16S rRNA gene sequence, the isolates K1-6A (981 nt) and K1-6B (944 nt) were closely related to B. niabensis 4T19 T (Figure 1 ) with 99.9 and 100% sequence similarity, respectively. Therefore, they were identified as B. niabensis (Kwon et al., 2007) . St. matophila * One unit of xylanase activity was defined as 1 µmol of xylose released per min under the condition assayed.
Group ID contained NS1-1. Colonies were 2-3 mm in diameter, round, concentric, flat, opaque and white after 2 days of incubation at 37ºC on C medium. The isolate grew in 3-5% NaCl, at pH 5-7 and at 15-55°C but did not grow at pH 8-9 and at 10, 60°C. The differential and variable characteristics were shown in Table 2 . On the basis of 16S rRNA gene sequence, isolate NS1-1 (1,053 nt) was closely related to B. nealsonii T (Figure 1 ) with 99.7% sequence similarity. Therefore, the isolate NS1-1 was identified as B. nealsonii (Venkateswaran et al., 2003) . Group IE contained 2 isolates, PHC3-3 and FCN3-4. Colonies were 2.5-6 mm in diameter, round, smooth or www.ccsenet.org/ijb International Journal of Biology Vol. 5, No. 1; curled, flat, opaque and yellow or white after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 5-9 and at 10-45°C, but did not grow at 55-60°C. Their differential and variable characteristics were shown in Table 2 . On the basis of 16S rRNA gene sequence, isolates FCN3-4 (854 nt) and PHC3-3 (895 nt) were closely related to B. cereus IAM 12605 T (Figure 1 ) with 100 and 99.8% sequence similarity, respectively. Therefore, they were identified as B. cereus (Daffonchio et al., 1998) . On the basis of 16S rRNA gene-based phylogenetic tree, as shown in Figures 2 and 3, seven isolates were Gram-positive, non-spore-forming, rod-shaped bacteria and were belonged to Isoptericola (2 isolates in Group II), Jonesia (2 isolates in Group III), Microbacterium (2 isolates in Group IV), and one isolate in Nocardioides (Group V). Five isolates were Gram-negative, facultatively anaerobic, non-spore-forming, rod-shaped bacteria and each of them were belonged respectively to Acinetobacter (Group VI), Aeromonas (Group VII), Pseudomonas (Group VIII), Stenotrophomonas (Group IX) and Zobellella. All 12 isolates showed catalase positive except Group X isolate. All showed negative for VP, H 2 S production, and acid production from D-amygdalin, gluconate, inositol, inulin, L-rhamnose, sorbitol and sorbose. Their differential characteristics are listed below and in Table 3 .
Group II contained 2 isolates, CR1-2 and CR5-1. Cells were Gram-positive, rod or coccoid shaped (approximate 0.8-1.0 x 0.8-4.5 µm), non-spore forming, facultative anaerobic and non-motile. Colonies were 0.5-2.0 mm in diameter, circular, convex, smooth, opaque and yellow or white after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 7-9 (optimally at 7) and 25-45ºC (optimally at 37ºC). They did not grow at pH 5 and at 10-15 and 50-60ºC. Variable characteristics were shown in Table 3 . Their phenotypic characteristics are almost the same as I. variabilis MX5 T (data not shown). The isolates CR1-2 (1,006 nt) and CR5-1 (930 nt) were
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Bacillus lentus JCM2511 T (D78315) (Figure 2 ). The isolate CR1-2 contained MK-9(H 4 ) of menaquinone and 70.0 mol% of DNA G+C content. Based on the phenotypic properties, chemotaxonomic characteristics and 16S rRNA gene sequence, therefore, they were identified as Isoptericola variabilis (Stackebrandt et al., 2004) .
Group III contained 2 isolates, PHX2-5 and FXN1-1B. Cells were Gram positive, rod shaped (approximate 0.5-1.0 x 1.5-2.0 µm), facultative anaerobic and non-motile. Colonies were 0.5-1.0 mm in diameter, circular, convex, smooth, translucent and yellow after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 7-9 (optimally at 7) and 15-37ºC (optimally at 30ºC). They did not grow at pH 5 and at 50-60ºC.
Their phenotypic characteristics are almost the same as J. denitrificans ATCC 14870 T (data not shown). The isolates FXN1-1B (922 nt) and PHX2-5 (983 nt) were closely related to each other with 99.8% 16S rRNA gene sequence similarity and to J. denitrificans ATCC 14870 T with 99.2 and 99.1% sequence similarity, respectively (Figure 2) . The isolate PHX2-5 contained MK-9 of menaquinone and 58.4 mol% of DNA G+C content. Variable characteristics were shown in Table 3 . Based on the phenotypic properties, chemotaxonomic characteristics and 16S rRNA gene sequence, isolates FXN1-1B and PHX2-5 were identified as J. denitrificans (Rocourt et al., 1987) .
Group IV contained 2 isolates, SRC1-1 and SRC3-3. Cells were Gram positive, rod shaped (approximate 0.5-1.0 x 0.6-1.5 µm), non-spore-forming and non-motile. Colonies were 0.5-2.5 mm in diameter, circular, convex, smooth, translucent and white after 2 days of incubation at 37ºC on C medium. They grew in 3-5% NaCl, at pH 5-9 and 30-45°C, but no growth at 10-25 and 50-60°C. Major menaquinones were MK-11 and MK12. Variable characteristics were shown in Table 3 . Their phenotypic and chemotaxonomic characteristics are almost the same as Microbacterium natoriense TNJL143-2 T (data not shown). The isolates SRC1-1 (1,401 nt) and SRC3-3 (1,397 nt) were closely related to each other with 100% 16S rRNA gene sequence similarity and to M. natoriense TNJL143-2 T with 99.0% sequence similarity (Figure 2) . Therefore, based on the results mentioned above and phenotypic properties indicated that SRC1-1 and SRC3-3 were identified as M. natoriense (Liu et al., 2005) .
Group V contained SRX2-3. Cells were Gram positive, rod or coccoid shaped (approximate 1.0-1.2 x 1.5-6.0 µm), motile, non-spore-forming and strictly aerobic. Colonies were 0.7-1.0 mm in diameter, irregular, flat, smooth, glistening, yellowish-white and opaque after 2 days of incubation at 37ºC on C medium. Grew at pH 6-9 (optimally at 7) and 25-37ºC (optimally at 30ºC), but not growth in 3-5% NaCl, at pH 5 and at 10-15, 45-60ºC. Isolate SRX2-3 contained meso-diaminopimelic in cell wall peptidoglycan. MK-8(H 4 ) was the predominant menaquinone. DNA G+C content was 72.0 mol %. Their phenotypic and chemotaxonomic characteristics are almost the same as Nocardioides simplex DSM 20130 T (data not shown). The isolate SRX2-3 (900 nt) was closely related to N. simplex DSM 20130 T with 99.3% sequence similarity (Figure 2 ). Based on the results mentioned above and phenotypic properties indicated in Table 3 , the isolate SRX2-3 was identified as N. simplex (Yoon et al., 1997) .
Group VI contained SRX2-1. Cells were Gram negative, coccobacilli shaped (approximate 0.4-0.7 x 0.5-0.9 µm), facultative anaerobic, non-motile. Colonies were 0.5-1.5 mm in diameter, circular, flat, smooth, yellow and opaque after 2 days of incubation at 37ºC on C medium. Grew in 3% NaCl, at pH 5-9 (optimally at 7) and 10-50ºC (optimally at 30ºC), but not growth in 5% NaCl and at 55-60ºC. Isolate SRX2-1 was different in hydrolysis of gelatin, acid production from L-arabinose, glucose, and D-mannose to Acinetobacter junii LMG 998 T (data not shown). Predominant ubiquinone of SRX2-1 was Q-9. DNA G+C content was 42.1 mol%. The isolate SRX2-1 (973 nt) was closely related to A. junii LMG 998 T with 99.8% sequence similarity (Figure 3 ). Based on the results mentioned above and phenotypic properties indicated in Table 3 , the isolate SRX2-1 was identified as A. junii (Bouvet & Grimont, 1986) .
Group VII contained SRX2-2. Cells were Gram negative, rod (approximate 0.4-1.0 x 1.0-4.0 µm), facultative anaerobic, motile. Colonies were 1-1.6 mm in diameter, irregular, lobate, flat, yellow and opaque after 2 days of incubation at 37ºC on C medium. The isolate grew in 3% NaCl, at pH 5-9 (optimally at 7) and 30-45ºC (optimally at 30ºC), but did not grow in 5% NaCl, at 10-25 and 50-60ºC. Predominant ubiquinone of SRX2-2 was Q-8. DNA G+C content was 57.7 mol%. The isolate SRX2-2 (1,053 nt) was closely related to A. enteropelogenes DSM 6394 T with 99.4% sequence similarity (Figure 3 ). Based on the results mentioned above and phenotypic properties indicated in Table 3 , the isolate SRX2-2 was identified as A. enteropelogenes (Collins et al., 1993) .
Group VIII contained PHX3-1. Cells were Gram negative, straight rod shaped (approximate 0.3-0.5 x 1.5-2.5 µm), facultative anaerobic, motile. Colonies were 0.5-1.0 mm in diameter, circular, raise, smooth, yellowish brown and opaque after 2 days of incubation at 37 ºC on C medium. The isolate grew in 3-5% NaCl, at pH 6-9 www.ccsenet.org/ijb International Journal of Biology Vol. 5, No. 1; (optimally at 7) and 10-37ºC (optimally at 30ºC), but did not grow at pH 5 and at 45-60ºC. Predominant ubiquinone of PHX3-1 was Q-9. DNA G+C content was 60.6 mol%. The isolate PHX3-1 (962 nt) was closely related to Ps. stutzeri ATCC 17588 T with 99.8% sequence similarity (Figure 3) . Based on the results mentioned above and phenotypic properties indicated in Table 3 , the PHX3-1 was identified as P. stutzeri (Döhler et al., 1987) .
Group IX contained FXN3-1. Cells were Gram negative, straight rod shaped (approximate 0.4-0.5 x 1.5-2.0 µm), facultative anaerobic, motile. Colonies were 0.5-1.0 mm in diameter, circular, flat, smooth, yellowish brown and opaque after 2 days of incubation at 37ºC on C medium. The isolate grew in 3-5% NaCl, at pH 5-9 (optimally at 7) and 10-37ºC (optimally at 30ºC), but did not grow at 45-60ºC. Isolate FXN3-1contained Q-8 as predominant ubiquinone and 65.4 mol% of DNA G+C content. The isolate FXN3-1 (923 nt) was closely related to St. maltophilia IAM 12423 T with 99.4% sequence similarity (Figure 3) . Based on the results mentioned above and phenotypic properties as shown in Table 3 , the isolate FXN3-1 was identified as St. maltophilia (Palleroni & Bradbury, 1993) . Group X contained PHX2-7. Cells were Gram negative, rod shaped (approximate 0.6-0.7 x 1.5-2.5 µm), facultative anaerobic, motile. Colonies were 1.0-4.0 mm in diameter, circular, raise, smooth, yellow and opaque after 2 days of incubation at 37ºC on C medium. The isolate grew in 3-5% NaCl, at pH 5-9 (optimally at 7) and 25-45ºC (optimally at 30ºC), but did not grow at 10-15 and 50-60ºC. This isolate showed negative for catalase. It contained Q-8 of ubiquinone and 61.9 mol% of DNA G+C content. The isolate PHX2-7 (911 nt) was closely related to Z. denitrificans ZD1 T and Z. taiwanensis ZT1 T with 99.2% and 98.6% sequence similarity, respectively (Figure 3) . Based on the results mentioned above and phenotypic properties indicated in Table 3 , the isolate PHX2-7 was identified as Z. denitrificans (Lin & Shieh, 2006) .
Recently, Kinengam et al. (2007) reports that the isolates of Microbacterium barkeri, Bacillus niabensis, B. funiculus, B. megaterium, Pseudoxanthomonas suwonensis, Cupriavidus gilardii, and Rhodococcus rhodochrous strains isolated from soil samples collected in Nan Province, Thailand could produce xylanase. They are found to be diverse species. M. barkeri strain is found in soils collected in Viengsa district while M. barkeri, B. niabensis, B. funiculus, B. megaterium, Px. suwonensis, C. gilardii, and R. rhodochrous 
Conclusion
The xylanolytic bacteria isolated from various samples collected in Thailand were identified based on the www.ccsenet.org/ijb J. denitrificans, M. natoriense, N. simplex, Ac. junii, A. enteropelogenes, P. stutzeri, St. matophila and Z. denitrificans from soils, muddy shore sediment and buffalo faeces. These isolates are the most likely source of enzymes and constitute a heterogeneous group of xylanase producing bacteria belonging to different genera. The isolated bacteria that be able to produce extracellular enzymes will provide the possibility to have optimal activities at different temperature and pH. Thus, the applications of the isolates are required for further study.
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